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An optical microphone configuration is experimentally demonstrated. It is based on the 
deflection of a He-Ne laser beam from a thin reflective pellicle bound on one edge over the 
duct of a conventional photoacoustic cell. Possible applications of this kind of photoacoustic 
detection are discussed. 
The revival of photo acoustic (FA) spectroscopy] in the 
early seventies has stimulated a number of authors to devote 
themselves to the development of various photothermal de-
tection techniques. These include the photodisplacement 
spectroscopy,2,J the beam deflection spectroscopy,4,5 the 
photothermal radiometry,6,7 and the newly developed pho-
topyroelectric spectroscopy. 8,9 The common feature of aU 
these techniques is the detection of the temperature oscilla-
tions in a sample resUlting from its exposure to a modulated 
light beam. These photothermal techniques were originally 
developed for spectroscopy studies. However, it was soon 
recognized that they could also be developed into simple 
alternative and inexpensive radiation detectors. Typical ex-
amples of such photothermal detectors are the PA gas detec-
tor, 1O the piezoelectric detector, lI,U the photopyroelectric 
detector!3 and the x-ray PA detector. 14,15 More recently var-
ious open-ended photothermal sensors have been reported in 
the literature.!6-18 These aspects of photothermal detection 
techniques have been explored by several authors in fields 
ranging from materials science to biology.! 
An essential feature of the photoacoustic technique has 
been the use of a microphone detection system. This gas-
microphone detection consists in using a gas (e.g., air) 
chamber in which a microphone is mounted in one of its 
walls. The absorbing material is placed inside the air-filled 
chamber and exposed to modulated light irradiation. As a 
result of the light into heat conversion in the absorbing mate-
rial, a pressure fluctuation is produced in the air chamber, 
which is sensed by the microphone. Recently, optic detec-
tion systems have been proposed in place of conventional 
microphones. Choi and Diebold l9 made a He-Ne laser beam 
strike on a reflecting diaphragm mounted on a photoacous-
tic Helmholtz resonator. The pressure waves distort the sur-
face of the diaphragm so that the intensity of the reflected 
beam varies with the modulation frequency of the excitation 
beam. This variation is measured with an iris-photodiode 
assembly. Chuang and Zare20 with a device similar to that of 
Choi and Diebold chose to measure, with a position-sensing 
detector, the deflection of the reflected laser beam. More 
recently Park and Diebold21 have described an interferomet-
ric microphone in which a Fabry-Perot interferometer is 
constructed with a pellicle beam splitter. An these optical 
microphones have showed a sensitivity close to that of a con-
ventional microphone. 
In this communication we report on an optical micro-
phone based on the deflection of a He-Ne laser beam from a . 
thin reflective pellicle, shaped in the form of an elongated 
droplet bound on its tight edge over the duct of a convention-
al photoacoustic cell. OUf work is similar to that reported in 
Refs. 19-21, only in the use of a laser probe beam which is 
reflected and then detected by a photodiode. However, the 
way this is done is different in the following aspect. First, we 
did not use a Helmholtz resonator and worked with a con-
ventional photoacoustic cell for solids. Second, we did not 
use a diaphragm but instead a pellicle in the shape of a drop-
let tightened on one edge. Third, the cell is not sealed since 
the duct which carries the pressure waves is open on the end 
where the pellicle stays at a distance of about 0.1 mm away. 
Figure 1 presents a schematic diagram of the experi-
mental arrangement. The excitation source consisted of a 
200-W tungsten-halogen lamp whose beam is modulated by 
a mechanical chopper (PAR, model 192). The probe beam 
is a 2-mW He-Ne laser. We used an optical neutral filter to 
attenuate the laser beam intensity. A 7.0-cm focal length lens 
is positioned in such a manner that after the probe beam is 
reflected by the pellicle it strikes the center of a position-
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FIG. 1. Schematic diagram of tile experimental apparatus. 
sensi.ng detector with a diameter of approximately 0.8 mm. 
This detector consists of two silicon photodiodes separated 
by 0.1 mm. The distance between the mirrored pellicle and 
the position detector is about 4.0 em. The light intensity 
measured by the photodiodes is fed to a differential PAR 










FIG. 2. Expanded view of the cell and the optical reflective pellicle. 
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FiG. 3. Dependence of the optical microphone on the modulation frequen-
cy of the excitation beam. 
lock-in. The laser probe beam, the photoacoustic cell, and 
the position-sensing detector are inside a sealed box in order 
to minimize air turbulence. Details of the photoacoustic cell 
and the optical microphone reflective pelliere are shown in 
an expanded view in Fig. 2. The cell is made of an aluminum 
block in the form of a prism. The pellicle is a 25-,um-thick 
mirrored Mylar film. Its shape of an elongated droplet is 
13.0 mm long with 2.5 mm in its larger end and 1.5 mm in the 
other. The pellicle was glued on its tight edge to a support in 
such a manner that the other end was slightly (-0.1 mm) 
over the duct of the photoacoustic celt In Fig, 3 we show the 
dependence of the optical microphone on the modulation 
frequency of the excitation beam. The sample used was a 2-
mm-thick Tefton disk of9.0 mm diam with its external sur-
face blackened. One of the most attractive characteristics of 
this optical microphone is the possibility of adjusting its res-
onant frequency in order to obtain the optimum signal to 
amplitude intensity for a situation with a specific frequency 
response. This can be done by modifying the iength of the 
peHide< We can see this in Fig. 4 which shows the observed 
signal frequency dependence for a pellicle of shorter length 
as compared with the one used for the results shown in Fig. 
3. The frequency of maximum signal amplitude shifts from 
17 to S8 Hz. Figure 5 shows the response of the optical mi-
crophone as a function of the incident power obtained at 17 
Hz. The response is linear and proportional to the light pow-
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FIG. 4. Dependence of the optical microphone on the modulation frequen-
cy of the excitation beam. 
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FIG. 5, Response of the optical microphone as a function of the incident 
power at 17 Hz, 
optical microphone. The spectrum of the blackened sample 
was recorded using to-nm bandpass slits, a 3-s time con-
stant, a 50-nm/min scan rate, and a frequency modulation of 
17 Hz. For, this measurement the excitation source of Fig. 1 
was replaced for a l000-W Xe lamp. The spectrum obtained 
corresponds to the standard carbon black spectrum for the 
lamp used. 
In conclusion, we presented an optical microphone for 
photoacoustic spectroscopy. The results obtained suggest 
several improvements in the construction and design of the 
system. The results can be sensibly improved by perfecting 
the techniques of cutting and positioning of the peHicles. It 
would be interesting to see the use of peHicles with the same 
shape as the ones utilized but with dimensions of nearly 1 
mm on the larger side and 0.3 mm on the other. Thinner 
pellicles (e.g., 12,um) should also improve the sensitivity. 
For these measures we reported that we were unable to use 
an antivibration table. We believe that the major source of 
noise comes from overcoming the noise due to the pointing 
fluctuations of the laser beam, With these improvements, 
one possible application for this kind of P A detection could 
rely on the fact, that in contrast to usual microphone detec-
tion, no metallic parts are needed close to the P A cell. This 
would anow us to construct a very small P A cell to be used in 
microwave22 or other radiation fields, where metallic parts 
are disadvantageous or not allowed. Also, the remote sens-
ing of the acoustical signal only by a probe laser beam and 
not by transfer through an electric wire may find some useful 
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FIG. 6. The spectrum of a sample with its external surface blackened. 
applications. A mounting of this optical microphone on a 
photoacoustic Helmholtz resonator is underway. 
We thank H. A. de Aquino for the preparation of the 
pellicles used in our experiments. 
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